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mE EARLY lltEORY of TE'nt and location concerned i t ae l f p r i rnar i Iy
with IlgTicultuT.ll1 land. This was quite natural, for Ricardo and Mllithus
lived in an agricultural society. The foundations of the fonnal s pa t i a I
analysis of agricultural rent and location fire found in the work of J.
VUH "IUl •.,,,, whu " .. iJ, w1 t bout ii:"injl int o ?£tlli I, thllt the uFban land
market operated under th., smile principles. As ci tics grew in import
ance, r e l a tive Iy littl., attention was paid to the theo ry ef urben rents.
Even the great Marshall provided interesting but only random insights.
and 110 explicit theory of the urban tWId market and u rban locations was
deve Ioped ,

Since the be g i nni n g of the twentieth century there has b"T considerable
interest in the llrbRn l and market in Americll. R,M. Hurd in 1903 and
R. lIaigJ in the twenties tried to create It theory of udmn l end by fol
10winK von 'Thunen. However, their approwcb copie<1 the form rather than
the logic of flRricultural theory, and the resulting theory cM be showr
to he in s u f f i c i en t on its own p r enn s e s . In particular, the theory
failed to consider residences, ."him consti tute the preponderant land
use in urLon an'O!l.

Yet there a r e interesting problems t ha t a theory of urban land must
consider. There is, for in:oltance, B paradox in American cities: the
poor live n e a r the center, on expensive land, and the rich on the
periphery, on cheap land. Ql the logical side, there arC also eepec t e
of great interest, but which increase the difficulty of the enely s i s .
When a JUrcho,.cr acqu i r es Lend , he acqcn res two goods (Iflnd find IOCR
t ion) in on Iy one t r en ae c t i on , and on Iy aile peymen tis rnnde fo r the
comb i rre t i on • He could buy the a erne quantity of l errd at another loca
tion, or he could bly more, or less land at the !Ill1T1t" locat i on, In the

1 Johltn Von Thuneon, ORR ISOLIERTE STAAT IN REZll',HUNG At!!' I.ANDWIRTSCHAf'T
liND NATIONAU·.IWNOMIF" lilt. vol .• 1826. 3d. vol. and neo .. eodition, 1863.
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Guid~. J 903.
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analysis, one encounters, as well, a negative good (distance) with
positive COll.tll. (conunuting costs); or, conversely, a positive good
(accessibility) with negotive costs (sovings in conmuting). In com
par l aon with s gr Lou j eu ee , the urban ceae presents another difficulty.
In ag r i cu l t u r e , the locotion is ex t en s i ve : many squore miles may be
devoted to one crop. In the urban case the site tends to be much small_
er, and the location may be regarded as a dimensionless point rather
than an area. Yet the thousands or millions of dimensionless points
which constitute the city, \\hen taken together, cover extensive areas.
How can these dimensionless points be aggregated into two_dimensional
space?

Here I will present a Ilon_mathematicol o ce r vvi ew, without trying to
give it full precision, of t he long and rather complex mathematica~

analysis \\hich constitures a formal theory of the urban land morket.
It is 0 static model in which change is introduced by comparative
statics. And it is an economic model: it speak~ qf ~~~~!~ men, and
it goes without saying that real men and social groups have needs,
emotions, and desires which are not considered here. This Rnalysis
uses concepts which fi t wi th ag r i cul tural rent theory in such a way
that u r ben and rural land uses may be considered at the same time, in
terms of n single theory. Therefore, we must examine first a ve ry
simpli fied model of the agricultural land market.

AGRICULTURAL MODEL
In this model, the farmers are grouped around a single market, where
they sell their pr cduc t s , If the product is wheat, and the produce of
one acre of \\heat sells for $100 at the market while till' costs of pro.
duct ion are $50 per acre, a farmer growing wheat at the market would
make a profit of $50 per ec r e . BIt if he is producing at some distanc~.

say, 5 mi l e s . and it cos t e him $5 per mi Ie to shi p an ecr e ' II pForlU.,t,
his transport coe t a wi 11 be $25 per ac r e , His profi ts will Ll! equal to
value msnua production cosh minus shippillK cha r ge s : 100-50-25· $25.
'D-d!!! relation may be ,hown d i ag r enm a t i c a Lf y (see Figure I). At the
market, the farmer's profits e r e $50, and 5 miles out, $25; at inter
mediate distance, he will receive intermediate profits. Finally, at a
distance c f 10mi l e s from the market, his production costs plus shipping
chargee will just equal the value of his produce at the ma r-ke t , At
distances greater than 10 miles, the farmer would operate at 0 loss.

In this model, the pro f i t e derived by the farmers are til':d d i r ec t Iy to
their location. If the functions of farmer and landowner are va ewed as
separate, fa rme r s will bid r en t e for IAIld accorrlinll: to the profitability
of the location The profits of the farmer will therefore be shared
wi th the Iendowre e through rent payments. As farmers bid against each
other for the more profitable l oca t i on s , until farmers' profits are

•A full d~v~/opm.nt of th~ th~ory .11 pr~lI~nt~d 'n my doctor.l dillll~rt••
fion, A MODEL OF THE URBAN LAND MARKET: LOCATIONS ANn nENSITIES OF
DWELLINGS AND BUSINESSES, Un'v~rllity of Penn"yl"""i,,, 1960.
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everywhere the 1I&me ("normsl" p ro f i t e ) , what we have called profitll be
cceee rent. Thua , the curve in FiKUre I, 'Ahich we derived BS a farmers'
profit curve, once we distinguish between the roles of the former and
the landowner, becanes a bid rent function, representing the price or
rent per acre that farmerll ....ill be willing to pay for land at the dif
ferent locations.

We have shown that the slope of the rent curve will be fixed by the
tr"lIport costa a1 the produce. The level of the curve will be set by
the price of the produce at the market. Exem i ne Fi gure 2. The lower
curve is that of FiiUre I, where the price of wheot ill $100 at the mar
ket, and production cost. are $50. I f demand increasell, and the price
of wheat at the market rises to S125 (while production and transport
costs relnsin constant), profits or bid rent at the market will be $75;
at 5 miles, $50; $25 at 10 miles, and zero at 15 miles. Thus, each bid
rent curve is B function of rent VS. distance, bu t there is l1li fsnily of
such curves, the level of anyone determined by the price of the pro
duce at the mllllrket, hi~er prices setting hi~er curves.

Consider now the production of peas.
ket of one acre's production of peas

Allswoe that the price at the mor
is $150, the costs of production
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e r e $75, and the transport cos t s per mi Le are SIO. The ae conditionswill yield cu r ve MN in Figure 3. where hid rent by pe a fe rrne r-s at themarket ill $75 per acre,S milt's from the market $25, and zero n t 7.5miles. OJrve RS r epr e a en t e bid rents by wheat farmers. a t B price of$100 for ".,heRt. If will be .';l"l1f'l that pea fa rme re ran bid high,.r r eut sin the range of 0 to 5 mi Lea from the m.arket; farther out, wheat farmerscan bid higher r en t.s • The r e fo r e , pen farming will take place in th ..rini/; from 0 to 5 miles from the mflrket, and wheat farming in the r i n gfrom 5 to 10 miles. Segments MT of the bid rent curve of pea farmingand TS of wheat fanning will be the effective rents, while s e gmen t sRT and 'IN represent unsuccessful b.id s .

The price of the product is determined by the supply-demand r e l at Lcnsat the market. If the regiOll bf'tween zero and 5 miles produces toomany peal, the price of the product wi II drop, and a lower bid r ..ntcurve for pea farming will come into e f Fect , !l0 that pea famling willbe practiced to some distance less than 5 mile!!.

Abstracting t.hi s view of the ag e i cu t turu I land market, we hav.. that:

(I) Lend usee determine land values, through competitive bidding amongfarmers;
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(2) land va Iu ..., d i a t r i bu t e land uses, according to thei r Rhi Ii ty to pay;
(3) the steeper curves capture the central locations. (nlis point is III

.. implifi ...d one for simple, well-behaved curves.

Abstracting the process now from flgriculture, wi! hove:

(1) for e ach user of l arrd (e.II:., wheat fanner) a family of bid rent
functions is derived, such that the user is inc1ifferent os to his
location along anyone of thes ... flJlctions (becanse the fRrmer, who
is the d ec i s i orr-mek e r in this caae , finds that profit .. an' every
where the same, i.e., normal, 05 long os he r emnina <Xl mIl' curve);

(2) the equilibrium rent ot Rny l cca tion is found by compar i ng the br ds
of the various potential users and choos i n g the highest;

(3) equilibrium quantities of land are found by se l ec t s ng the proper bid
rent curve for eoch us ...r (in tbe agricultural CAse, the curve which
equn t e s !!upply lind demand for the pro<hJce).

BUSINESS

We shall now consider the urban bes Ineasmen , v.ho, we shall e s sume , makes
his deci ..ions so liS to max imi z e profits. A bid rent curve for the busi-
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n e s smen , then, will be one along which profits are eve r ywhe r e the same:
the decision-maker will be i rrd i Ffe r en t as to his location Along such a
curve.

Profi t mAY be de fined as the s-emartrde r from th .. volume of hullines"l e f t e r
operating cosh and land costs have been deducted. Since in most cases
the volume of business of a firm as well as its ope r a t s n g co s t s will
vary with Lt a location, the rate of change of the bid rent curve will
bear no simple relation to transport costs (as it did in agriculture).
The rate of changE' of the total bid rent for a finn, where profits arf'
constant by definition, will he eque l to the rate of change io the vol
ume of bc s ine s s mi nua the rllte of change in ope r a r i rrg costs. The r e fo r e
th e slope of th .... bid r en t curve, til .... valu .. s of which 8re in terms of
dollars per unit of land, will be .. qufll to the r a te of chflnge in the
volume of bus irre a s minus the rate of change in operating costs, divided
by the area oCCllpied hy the e stahlishllwnt.

A different l e ve I of profits would yi e l d a different hid rent curve.
The higher the bid r en e curve , th,. Inwf'r the prnfi t s . a i n ce land is mor e
experHlive. '!here will be a highest curve, where profits will be l':ero.
At higher land rents the fi rm could cn Iy 0pf'rllte at a 109!l.

Thus we have, a9 ill the caae of the fanner, a family of hid rent curve9,
fllmg the path of any '-'ll'! of which the ,Jcd,,,iull-maker • in t.hi s COlle,
the bn s i neasman • is inrH f f e r en t , 'M1erea!l in the case of thf" farmer the
level of the curve is determined by the p r i ce of the produce, whi l e
profi ts lire in all cases "nonnal", i .c., the s eme , in the case of the
urbml fi III', Lhe level of rh .. curve r s rte t e erru ne d by th", level of the
profits, and the price of its products may be regarded for our purpoa e s
as constant.

RESIDENTIAL

The houaeho Ld di f fe r s hom the f arme r aud the urban firm in that satis
faction rather than profits is the r e l e van t criterion of optional
Loce t i on . A Con9umer, given h i s incane and his pattern of tastes, will
!leek to balance the coa t s and bother of camlUting against the advantages
of cheaper land wi th i nc eeas Ing distance from the center of the ci ty
and the s a t Ls f ac t i on of more space for living. When the individual
consumer faces a g i ven pattern of land coa t s , his equilibrium Loca t i on
and the at ee of his sit", will be in terms of the ma r g.i n a I changes of
these variables.

The bid rent curves of the individual wi II be such that, for Any givE'n
curve, the individual will be equally se t l s f Led at every location at
the price set by the curve. Along eny bid rent curve, thc pric .... the
individual wi 11 bid for land wi II dec r ae s e wt th di s t ance hom the center
at a rate just sufficient to produce lin income effect which will be t
once to h i a satisfaction the increased costs of coemu t i rrg and the bother
of 8 long trip. This slope may he expr ea sed quite precisely in me t.he-.
maticol terms, but it is a complex expressi.on, the exact interpretation
of which is beyond the scope of this paper.
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jUi'llt a a d i f fe r en t prices of the produce ee t d i f fe r en t Le ve La for the
bid rent cu r vea of the farmer, and d i f fe een t levels of profit for the
u r ben finn, d i f f e r en t levels of sa t i s f ec t i on correspond to the va r i oua
levels of the flUlli ly of hid rent cu r ve a of the individual household.
TIle higher curves obviously yield l~s:'l a e t La f ac t Lon because a higher
price is implied, so that, at any given location, the individual will
be able to afford less land and other goods.

INDIVIDUAL EQUILIBRIUM

It is obvious that f"rni lies of bid rent curves e r e in many re a pec t a i'IIim
iLar to indLf fe r ence our-ve IlUIpping5. Hoeeve r , they differ in SOOlf" im
portant ways. Indifference curves map a pa t h of indifference (equal
satisfaction) between combinatiCU'ls of quantities of two goods . Bid rent
functions map an indi f fe r ence path between the price of one good (land)
end quantities of another Md s t r ange type of good, en s t snce from the
center of the city. Whereas indifference cu r ve a refer only to tastes
ond not to bud ge t , in the case of househo l de , bid rent functions are
de r i vcd both from budge t Ilnd taste considerations. In the C05e of the
urban finn, they might be termed i eop ro f i t cu rve s , A more aupe r f i c i a I
di f Eer enc e i!l that, whereai'll the higher indi fference curves are the pre
ferred ones, it il'l the lower bid rent curves that yield greater profits
or SAtisfaction. However, bid rent curvei'll may he used in a manner
analogous to that of inrli fference cu rve s to find the equ i librium loca
tion and land price for the rf'sident or the urban finn.

A:'li'llum~ you have been given a bid rent mopping of fl land U!le, whe th e r
be s i n e s s or residential (curves brci 2 J' e t c. , in Figurf' 4). Super
impose on the s ame d i e gr ssn the actual 9tructur~ of land pri.ces in the
ci ty (curve 55). TIle deci!lion_moker wi 1\ wish to reach the lowest
possible bid rent curve. Therefore, he will choose that point at which
the curve of actual prices (SS) wi II be t an gerr t to the lowest of the
bid rent curves with which it ccmee in contact (brc2)' At thi5 point
will be the equilibrium location (L) ond the equ i Li b r Ltm lond rent (R)
for this uae r of land. If he is a bu s i ne s sman , he wi II h ave max trm z ed
profits; if he is D r e s i den t , he will have maximized satisfaction.

Note that to the left of this point of equilibrium (toward the c en te r
of the city) t he cur-ve of actual prices is steep.... r than the bid rent
curve; to the right of this point (awoy from the center) it i:'l Ie:UI
steep. This is another aspect of the rule we noted in the agricultural
model: the land u ae s with steeper bid rent curves c ep tu r e the central
Ioca t i ons ,

MARKET EQUILIBRIUM
We now have, conceptually, families of hid rent curves for all three
types of land uses. We also know that the steeper curves wi II occupy
the more central locations. Therefore, if the cu eve s of the various
u ae r s are ranked by s t e epoe s s , they will also be ranked in tenn5 of
their acce9dbility fran the center of the city in the final solution.
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n1US. if the c ur ve s of the business firm n r e s t ccpe r than those of
residences, and the residential cur ve s steeper than the ng r i cu Lto r al,
t he r e will be bus Lnc s s at the center of tlre city, surrounded hy r e si ;
denc e s , and these will be su r rrwmded hy a\o\ricultllre.

nlis r easontng applies as well wi thin land use g roupf ngu . For m s t ence ,
it con be shown that, given two individuals of s Im i La r tastl'!S, both of
whom prefer living at low dens I t Lc e , if their i nccnea di ffpr, the bid
rent curves of the wealthier will be flatter thAn those of the mRn of
lower i nc oene . Th e r e Fo r e , the poor will t ervd to central locations on
e-xpensive land and the rich to cheaper land on the pe ri phe r-y . nIl'

r eason for this is not that the poor have greatpr pcr chne i n g powe r , tut
rn the r that they have stc~Pf'_r bid rent curves. This stems from the
fact that, At flny Kivell location, the poor can buy less IMd than the
rich, and sillce only a small quantity of land is involved, cbeoge s in
its price are not as .irnpo r t an t for the poor as the costs and incon
venience of commutiol/:. The rich, on the other hand, huy g r c e t e r
quantities of land, and arc coua equ en t Ly affecteri hy changes in its
pr i ce to a greater degree. In other words, becaus e of ve r i a t i on s in
density amonl;l; different levels of income, accessibility behaves as an
inferior good,
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Thus far, throulI:h rankinll: the bid rent curves by s t e e pne s s , We have
found the relative r ankin gs of prices and locations, lut not the nc tua I
prices, locations, or densities. It will he remembererl that in till'
agricultural ce s e oqui Libriurn levels wert' brought nbout by dIHIIR"S ill
the price of the products, until the amount (If land dovot r-d to each
crop was in a g r e ement wi th the demWld fur that crop,

For urban l and this proc r- s s is morf' complex. TIlt' dett'rminDtion of
densities (or thei r invc r se , lot SiZI') find IOCfltions rn.lst be found si
multaneously with the resulting pri ce s r ruc tur ... Ve-ry b ri e f Iy , th"
method consists of assuminR a p r i cc of lund At til(' center of the city,
lind de t e rmi nin g t h e p ri ce s at IIlj other locations by till" compet Ltiv..
bidding of the pot eu t i n l users of land in relation to this price. TIl..
higb .. e t bid co.ptures e-ach Ioca ti on , WId e ach hid is relat"d to a most
preferred alternative through th r- USI' of bid re-nt curves. TIlis most
preferred e Lt.e rne t i vc is the marginal comlu n a t i on of price and location
for t hn t pa r ti culn r land use. 1h" quan t i t i e s of IRIHI occu pi ed hy the
land 11St'r5 Ar" de t e rmin ed hy th"!!e prices, 111e locutions Rr .. dl'tl~nnill!'d

by assiglling to each s\lcce!!!Iivp user of land the location nvnilllhl ..
Il e- n r e a t till' "",nt('r of th .. city nfter the assiRfllTlent of land quanti til's
to tht- highe r /till! more Cl'ntrn! hi dde r s .

Since ini t i alLy till' price At th l, cr-n t e r of 'th e city WI'S »s sumed , tIlt·
resliltin~ Sl:"t of p rice s , IOCAtillllS, smd (!f'nsitit·s mny he in f'rror_ A
series of i t er n ti ons will yield the cor r cc-t solution, In !Iqr)e Ca!'leS,
the solutiOlI may be found by {\ set of sirnllltllllC'O\IS cqua t i cn s r n t he r
than hy thf' chllin oi steps which has just O"t'll Ollt l in ..,-1.

TIl .. mod"l prl"Selltt'C! in this PflP('r co r re spooos to the simplest cuse: a
s i n g l e s cen t e r ci ty, on a f .. at\lrdl~SS plain, wi th transportlltion in all
directions, However, the r e n s oni ng call he ex t erided to ci t Le s with
several Cf'nters (sbopping, office, munuFac tur i ng , etc.), with e t ruc ru rud
r cnd pa t t e rns , Ilnrl otbf'r rf'alistic complications. TI,e theory CAll also
he made to she-d l i gh t on the effects of economic develoJ:fllent, changes
in income a t r uc tur e, zoning r egut at t ons , t nxa ti oo policiei!l, Wid other.
At this stRge, the model is pu r e l y tb eo r et i cu l : howeve r , it i!! hoped
that it may pro vi de a 10gicRI s t ruc tur e fOT econome t r i c models which
may be useful for prediction.




